5-8 Rational Zero Theorem

List all of the possible rational zeros of each function.
1.f (x) = x3— 6x2 —8x+24
SOLUTION:

If £ is a rational zero, thenp is a factor of 24 and q is a factor of 1.

So, the possible rational zeros are:

P14, 43 44, +6,48,+12,494
q

2.f (x) = 2t +3x% _x+15
SOLUTION:

If £ is a rational zero, thenp is a factor of 15 and q is a factor of 2.

H
b | L
4+
[~ | N

I | e

SOLUTION:
Use the formula to find the volume of the triangular pyramid.

The volume of the pyramid is:
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5-8 Rational Zero Theorem

Fix) =%B -k Formula for the volume of a tnangular pyramid
=%(%(21‘— 1)1‘)(51‘4—3) Subsitute.
legs 2 ) :
ZEI:EJ. —x)(5x4+3) Iultiply.
=%(1 |:|.T3—|—.T2 —3x) Multiply.

Set the volume of pyramid as 210 cm’,

%I:ID.TE—I—.TE —3x) =210 Volumeis 210.

1|:|.'|.'3-|—.'|.'2 —3x=1260 Multiply.
1|:|.'|.'3—|—.T2 —3x—1260 =0 Subtract 1260 from each zide.
The possible rational zeros are:

+1 £32, £3 £4, £5 L6, £7, £9, £10, £13Z,
+14, £15 £18, £20, £21 £30, £35 £36 £43Z
+60, 63 70, £84, £90, £105, £126, 140,
+180, £210, £252, £315 £420, £4630, £12480,

PRLE R R R L)

1
:|:2 2 2 2 2 2 2 2 2
1

63 24

+ :I:S,:I:S:I:S,:I:S:I:,:|:5,:|:5
126 252 1 3 7 g 21 83
+ 5 £ 5 ’ﬂ:ID':I:IEI :EIEI':EIEI’:EIEI':EIEI

There is one change of sign of the coefficients, so by Descartes’ Rule of sign, there is only one positive zero.
Use synthetic division to find the zero.

[rTio] 1 [ =3 [-1260
5|10 0

h
[
i
[ %]

The only one positive zero of the function is 5. We don’t need to check other zeros as the length cannot be negative.
Therefore, the dimensions are 5 in.x 9 in. x 28 in.
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5-8 Rational Zero Theorem

Find all of the rational zeros of each function.
4.5 () =x0— 6x2 - 13x +42

SOLUTION:

pedl 2 23,46 2T 14 £ 42

g %l

So, the possible rational zeros are:

P41, 42, 43,56, £7. £14, +21, +42
q
Make a table for synthetic division and test possible zeros.

El|-6|-13|4
i
1 |1]=5|-18]24
211 [=4|=21[0
x =2 is one of the zeros of the function and the depressed polynomial is Xt —4x-21.

Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

O =13+ d42=(" —4x=2D(x=D)

=(x=-THx+3D(x-2)

The rational zeros are x = -3, 2, 7.
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5-8 Rational Zero Theorem

5.8 (x) = 2x* + 10x° + 26x° + 20x + 12
SOLUTION:

piEl 42 23, 44 £6, 12
g:-£1,£2

So, the possible rational zeros are:

Pot1,42, 3, £4, £6, £12,+
q

y £

ol | =
b | w2

Make a table for synthetic division and test possible zeros.

: - .
q
=1

(]

26 |29 )12

[
o

17[12]0

x =1 is one of the zeros of the function and the depressed polynomial is 2x" +9x" +17x+12.
Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

2t H 1 42607 + 295 +12= (2 4957 +1Tx+12)x + 1)

=(2x+ 302" +3x+4)Nx+1D)

e

. ? . . 2
The polynomial .~ +3x +4 does not have rational zeros. Therefore, the rational zeros are x=~—. ~1.
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5-8 Rational Zero Theorem

Find all of the zeros of each function.
6.f (x)= 3 2% 8x+5

SOLUTION:
The possible rational zeros are:

B3l 455

1
=
if 3

Lad I L

Test for some possible zeros using synthetic division.

=

¥
3
e
o

lad
Lad
Ll
=

j . . . . w2 Y
x=—1is one of the zeros of the function and the depressed polynomial is 3x~ +3x—3.
3

Factor the depressed polynomial and find the zeros.

3.1.'2 +3x—-3=0 Write the depressed polynomial
.1.'2 +x—1=0 Simplify.
1144 |
= Use the Quadratic Formula to solve for
—14ys e
; Simplify.
) 5 —1+45
Therefore, the zeros of the polynomial are x = —. .
. s
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5-8 Rational Zero Theorem

7.8 (x) = 8% + 14x° + 11x + 3

SOLUTION:
The possible rational zeros are:

| e

Bt s &
q

x *-

b | —

,:':l‘:':
4

I
Pl
8

b | e
e |

=]

Test for some possible zeros using synthetic division.

£ 14‘” 3
i _

]
—|slols]|o
2

'| -
x=—— is one of the zeros of the function and the depressed polynomial is 8+~ + 10x+6.

Factoruthe depressed polynomial and find the zeros.

3_1,-2 +10x+6=0 Write the depressed polynomial.
—1|:|:|:1||'1I:|I:I —192
= - Use the Quadratic fonmula.
—104y —92 o :
S Simplify under the radical.
=102y 23 T .
=T Simplify radical.
—5+iy 23 E P
— Simplify.
) 1 —5+iJ23
Therefore, the zeros of the polynomial are x = ——.
2 8
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5-8 Rational Zero Theorem

8.F (x) = 4x* + 133 — 8%+ 13x — 12

SOLUTION:
The possible rational zeros are:

P41, 42,43, +4, 46, 12

i
Test for some possible zeros using synthetic division.
B

q
—4J4]3]4 ]3] 0

4113 |-8]13|-12

x=-4 is one of the zeros of the function and the depressed polynomial is 4x* —3x" +4x—3
Factor the depressed polynomial and find its zeros.

4x* -3x" +4x-3=0
C(dx-3)+1(4x-3)=0
(x° +1)4x=3)=0

¥ +1=0 dx-3=10

x ==l -

-['-l-l'-lJ

x=4%i

The zeros of the polynomial are x = —4, §,+ iy—i.
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5-8 Rational Zero Theorem

9.f x) = 4x* — 123 + 25x° — 14x — 15

SOLUTION:
The possible rational zeros are:

P
4

5
>

IuJ

: L s
i et o el
4

.41, 43,415, £
q

b | =
bd | e

I

Test for some possible zeros using synthetic division.

LT

£ 14[-12|25|=14 -1
o

4 -14|32]1-30| €

2

] . - - - 3 r\ -
x=—— isone of the zeros of the function and the depressed polynomial is 4x" —14x" +32x - 30,

Factor the depressed polynomial and find its zeros.

4x' =14x" +32x=30=0

(2x-3)02x° —4x+10)=0
2x° —4x+10=0 2x-3=0
Fagreyeq O L

—_—

-20

b ||

3
H
= L
ok | e

|
t
o

. |
The zeros of the polynomial are .« =——.
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5-8 Rational Zero Theorem

List all of the possible rational zeros of each function.

10.f (x) = x+8x — 32
SOLUTION:

If £ is a rational zero, thenp is a factor of —32 and q is a factor of 1.

So, the possible rational zeros are:

P 41,42, 4, £8,£16,£32
q

11.f (x)=x3+x2—x—56

SOLUTION:
If L is a rational zero, thenp is a factor of —56 and q is a factor of 1.
q
p:xlx2, 4, £7.£8.£14.£28.£56
tl

=

So, the possible rational zeros are:
Pot1,42, 44, +7.48.414.£28.+56
i
— 9y3 2
12.f (x)=2x" +5x" - 8x— 10
SOLUTION:

If £ is a rational zero, thenp is a factor of —10 and q is a factor of 2.

q

10

i~
H
H
[
H
LN
H

W
H u

if
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5-8 Rational Zero Theorem

13.f (x) = 3x6 _axt - x2 -35
SOLUTION:

'} . .
If © is a rational zero, thenp is a factor of —35 and q is a factor of 3.
g

[
A

Iy 25, 27 43

P t
.3

<
= 4+

So, the possible rational zeros are:

H+
._,J|j:;

I+
Lad | La
I+

e | =3
2

2
P 41,45, +7, £35.4

lad | =

14.f (x) = 6x° —x*+2x® - 3x®+2x - 18
SOLUTION:

If £ is a rational zero, thenp is a factor of —18 and q is a factor of 6.

{

b

-

9.£18

=
H H
H

;o
I~ g

H K

'L-.Ir

.26, £
.6

=

So, the possible rational zeros are:

B il42 494640, £18. 4
q

15.f (x) = 8x* - 4 — 4+ x+42
SOLUTION:

If £ is a rational zero, thenp is a factor of 42 and q is a factor of 8.

So, the possible rational zeros are:

By meosaa kg e e et g :I:%, :I:%,

E i e 21 2l el §. o F ikl
:I:E,:I:4,:I:S,:I:4 :I:E :|:4 :I:2 :I:2 :I:2 :I:2
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5-8 Rational Zero Theorem

16.F (x) = 15x° + 6x° + x + 90
SOLUTION:

If £ is a rational zero, thenp is a factor of 90 and q is a factor of 15.

17. () = 16x" — 5x° + 128

SOLUTION:

If £ is a rational zero, thenp is a factor of 128 and q is a factor of 16.
i

p:xl, 12 +4 18 +16, £32, +64 £138

g:xl. £2.£4. £8.£16

So, the possible rational zeros are:

P31 42 44 48 416, £32, T
{f 2

o
H

fapl
[
H

o
I
I+

[
oo
H
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5-8 Rational Zero Theorem

18. MANUFACTURING A box is to be constructed by cutting out equal squares from the corners of a square piece
of cardboard and turning up the sides.

28 cm

I 28 cm |

a. Write a function V(x) for the volume of the box.
b. For what value of x will the volume of the box equal 1152 cubic centimetres?
c. What will be the volume of the box if x = 6 centimetres?

SOLUTION:

a. The length and width of the box would be (28 — 2x) and the height would be x.
The volume function of the box is:

Fix)=(28—2x)(28—2x)x Volume
— (784 —112x+4x%)x Multiply.
=T784x—1 12.1.'2 —|—4.1.'3 Multiply.

=4J.'3 —112 J.'2 +784x  Feorder

b. Substitute V(x) = 1152 cm? in the volume function.

-4_1'3 —1 12.1.'2 +784x=1152 Volume ofthe box1s 1152,
1'3 - 28_1'2 +196x —288=D0 Subtract 1152 from each side and simplify.
(x—2)(x—8)(x-18) =0 Factor

y=Zor8orl8 Solve forx

Since the length and width of the box are both equal to 28 cm, if x = 18, then 2x = 36 which is greater than 28 cm.
Therefore, the volume of the box will be equal to 1152 cubic centimeters when x = 2 or x = 8.

C. Substitute x = 6 in the volume function.

F(2)=4(6) —112(6) + 784(6)
=864 — 4032 + 4704

=1536 cm’
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5-8 Rational Zero Theorem

Find all of the rational zeros of each function.
19.£(x) = x> + 10x% + 31x + 30

SOLUTION:
The possible rational zeros are:

o], 22, £3, £5, 26,210, 215, £30

L
H

Test for some possible zeros using synthetic division.

P
if
1|19 |22

=201 8|15

1|10 31|30

x = —2 is one of the zeros of the function and the depressed polynomial is x* +8x +15
Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

107 #3100 +30=(x + 8x +15)x +2)

={x+3Px+3Hx+2)

The rational zeros are x = -5, -3, —2.
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5-8 Rational Zero Theorem

20.F (X) = x5 — 2x% — 56x + 192

SOLUTION:
The possible rational zeros are:

2.0, 42,43, +4, £ 6,48, +12, £16, 14, £32, +48, + 64,496, 1192
q

Test for some possible zeros using synthetic division.

211l =2|-56]192

41112 =48] O

x = 4 is one of the zeros of the function and the depressed polynomial is +* + 2x 48
Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

O o2 — 56 +192=(x7 + 2 — 48} x -4
=(x—60x+8)x—4)

The rational zeros are x =6, -8, 4
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5-8 Rational Zero Theorem

21.F (x) = 4x° — 3x% — 100x + 75
SOLUTION:
The possible rational zeros are:

E::I:], fo =i Rl v T ) B A T T :I:%, :I:%, :I:%,
g
15 235 75 1 3 3 15 23 75
b b Zoab b b o
2t 2’ 274 44 47 47 4

Test for some possible zeros using synthetic division.

Plal=s|-100]75
o

S|4117 (=15 |0

x = 5 is one of the zeros of the function and the depressed polynomial is 4x” +17x~15.
Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

4x’ =327 = 100x + 75 = (4x? +17x = 75)(x = 3)
=(dxr-INx+5Nx-5)

The rational zeros are x =—.—3, 5.

|
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5-8 Rational Zero Theorem

22.F (x) = 4x* + 123 — 5x2 — 21x + 10
SOLUTION:
The possible rational zeros are:

B 41404
q

L

, £10

Test for some possible zeros using synthetic division.

4112152110

|4 1611 |=10] 0

x = 1 is one of the zeros of the function and the depressed polynomial is 4x" +16x" +11x~10,

dxt #1257 =5 = 21x+10=(4x° +16x> + 1 1x = 10)x -1)

Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

drt #1257 =57 — 21 +10=(dx" +16x7 +11x =10} x=1)

=(x+2W2x+32x-x-=-1)

The rational zeros are x =-2,—

o | wa
P | =
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5-8 Rational Zero Theorem

23.f (x):x4+x3—8x—8

SOLUTION:
The possible rational zeros are:

L4142 +4, 48
q

Test for some possible zeros using synthetic division.
Byl El=s|ol=8

q |
=1{1|O|=8|8| 0

x = —1 is one of the zeros of the function and the depressed polynomial is x" —8x+8§.
e -8 -8=( -8x+8)x+D)
Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

A —8x-8=( -8x+B)Nx+D)

=(x=20x" +2x-4¥x+1)

The polynomial x* +2x—4 doesn’t have rational zeros. Therefore, the rational zeros are x = -1. 2.
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5-8 Rational Zero Theorem

24.F(x) = 2x* — 3x> — 24x° + 4x + 48

SOLUTION:
The possible rational zeros are:

Pyl +2, 43, +4,46, +8, £12, £16, £24, +48,+ -
if 2
Test for some possible zeros using synthetic division.

Plal_3|=24]| 4|4z
q

2(2(=7<10(24 0

x =—2 is one of the zeros of the function and the depressed polynomial is 2x" = 74" ~10x + 24 ,
2t -3 240 A+ 48 =20 —Txt =105+ 24)(x + 2)
Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

2et 37 — 240t 1 Ax 4 48 =(2x =T —10x £ 24)(x + D)

={x-d2x-3x+2Ux+2)

The rational zeros are x =4,

|
|
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5-8 Rational Zero Theorem

25.f (X) :4x3 + x2 +16x +4

SOLUTION:
The possible rational zeros are:

P.41,42 +4. +

]
i
if 4

b | =

Test for some possible zeros using synthetic division.

Zlaf1]16]4
o
- l 410|160
4
1 3
x=——1is one of the zeros of the function and the depressed polynomial is 4.x~ + 16,

Again use the rational root theorem and synthetic division to find the zeros of the depressed polynomial.

b1

- 3 s l{ ]
dx’ +x +16x+4=(4x 4 1{1}| X+
| 4 )

The polynomial 4x” +16 doesn’t have rational zeros. Therefore, the rational zeros of the original polynomial are

)

4
26.F (x) = 81x"* - 256
SOLUTION:
81x' - 256 = (9x°) —(16)°

= (9% —16)9x" +16)
=(Gx+4)3x - 49" +16)

The polynomial 9x” +16 doesn’t have rational zeros.

Therefore, the rational zeros of the polynomial are: x =

eSolutions Manual - Powered by Cognero

i | 4=

d |
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5-8 Rational Zero Theorem

Find all of the zeros of each function.
27.f (x) = x>+ 3x% — 2Bx + 21

SOLUTION:
The possible rational zeros are:

Bodi. 44 49 £9)
q

Test for some possible zeros using synthetic division.
L

q
1 |1]4]|=21]0

ek

x=1 is one of the zeros of the function and the depressed polynomial is +~ +4x 21,
Factor the depressed polynomial and find the zeros.

X+ 4x =21
(x=3x+T7)

X =

]
L= =]

Therefore, the zeros of the polynomial are x =1, 3, —7.
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5-8 Rational Zero Theorem

28.f(x) = 6X +5x2 — Ox + 2

SOLUTION:
The possible rational zeros are:

H+

ed | =—
H-

ed |
o]

2. 4145 4
q

bd | —

Test for some possible zeros using synthetic division.

£le|ls|-9]2
q

-
=16|9|=3|0
3

2
X =—

3

Find the zeros of the depressed polynomial using the quadratic formula.

63.'2+93.'—3=EI

94451472
12

—9+3)17
12
3417

4

xX=

Therefore, the zeros of the polynomial are x =

eSolutions Manual - Powered by Cognero

is one of the zeros of the function and the depressed polynomial is 6x° +9x 3,

Depressed polynomial

Use the Quadratic Formula

Simplify under the radical.
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5-8 Rational Zero Theorem

29.f(x):x4—x3—x2—x—2

SOLUTION:
The possible rational zeros are:

E::':L"_'Z
i

Test for some possible zeros using synthetic division.

21
q
a2 (=20

o frge] g |

(]

x=-1 1is one of the zeros of the function and the depressed polynomial is -2t x-2,
Factor the depressed polynomial and find its zeros.

¥ =2x +x-2=10

Yx=-2)+U(x=2)=0

(x° +1Xx-2)=0
¥ +1=0 x=-2=0
or
.1."1—--! x=2
x=+i

The zeros of the polynomial are .« = —1. 2,+i.—1i.
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5-8 Rational Zero Theorem

30.f (x) = 10x° — 17x% — Tx +2

SOLUTION:
The possible rational zeros are:

E.414593
q

+ +

b | —
| —
| g

|
s E—

0

Test for some possible zeros using synthetic division.

2l lar| -7
i

20100 3 |-1]0

[

x=2 is one of the zeros of the function and the depressed polynomial is 10x" +3x—1.

Factor the depressed polynomial and find its zeros.

1|:|.'|.'2—|—3.T—1=|:|

1|:|.'|.'2—|—5.'|.'—2.'|.'—1=|:|
Sx(Zx41) —(2x41) =0
(5x —=1)(2x+4+1) =0

xX=

11
52

The zeros of the polynomial are x = 2.

eSolutions Manual - Powered by Cognero

Factor the depressed polynomial.

Fewrite 3x.
Distributive Property
Factor by grouping.

Solve forx

L]
ba | —
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5-8 Rational Zero Theorem

31.f (x) = x* - 3x3 + x2 — 3X
SOLUTION:
The possible rational zeros are:
£.41, 23

i

Test for some possible zeros using synthetic division.

Plhilal+]=3]0
g
3(1]o[1]0]0

x=3 is one of the zeros of the function and the depressed polynomial is x" + x .
Factor the depressed polynomial and find its zeros.

.T3—|—.".'=|:| Depressed polynomial

J.'(J.'2-|—1j =] Factor.

x=00or .'|.'2-|—1=|:| Set each factor to zero.

y=0o0r x=4+i Solve

The zeros of the polynomial are x = 3. (0, +i,—i .
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5-8 Rational Zero Theorem

32.F (x) = 6x° + 11x° — 3x — 2
SOLUTION:

The possible rational zeros are:

E. 450 4=,
if 2

Test for some possible zeros using synthetic division.

£ lgln ezl
q .
2le[-1]-1]0

-

x=-2 is one of the zeros of the function and the depressed polynomial is 6:x° —x—1.

Factor the depressed polynomial and find its zeros.

63'2 —x—1=0

6_1.'2 —3x4+2x—1=0
3x(2x 1)+ (2x—-1) =0
(2x—1)(3x+1) =0

ol
=

The zeros of the polynomial are x =-2.
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I_F-"I'-"

Factor depressed polyonomial

Fewrite the middle tenm.
Distributive Property
Factor by grouping

Solve each factor

ra | —
Ll |
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5-8 Rational Zero Theorem

33.F (x) = 6% +22x° + 11x° — 38x — 40

SOLUTION:
The possible rational zeros are:
Fiy l 3
=41 2 4, £5 5 210, £20, =40, :I:E’ :I:E’
q

l 2 4 S 8 10 20 40 l S

:EE’ :EE’ :I:E, :I:E, :I:E, :I:?, :I:?, :I:?, :I:E, :I:E

Test for some possible zeros using synthetic division.

I
&f
=216 10| -9]=20 0

6|22 (11 [-38|-40

x=-2 is one of the zeros of the function and the depressed polynomial is 6x" +10x" —9x - 20 .

Factor the depressed polynomial and find its zeros.
6x' +10x* —=9x-20=0

(Bx—D2x" +6x+5)=0

Jx-4=0 or 2x +6x+5=0

6+36-40
X = —

The zeros of the polynomial are x = —2.

Lad | =Y
L
Lad
14
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5-8 Rational Zero Theorem

34.f (x) = 2x° — 7x% — 8x + 28

SOLUTION:
The possible rational zeros are:

P31, 42 +4, £7.+14, £28.1
q

I

[
.
3| =3

Test for some possible zeros using synthetic division.

EBlal-7| =8 | 428
q
2 [2[-3|-14] o

x=2 is one of the zeros of the function and the depressed polynomial is 2x" —3x—14 .
Factor the depressed polynomial and find its zeros.

2

2x" —3x—14 =0 Factor the depressed polynomial
2.1'2 +d4x —Txr—14 =0 Rewrite the middle term.
2a(x42) =T(x+42) =0 Distributive Property
(2x—T)(x+2)=0 Factor by grouping
.T=%, —2 Solve each factor
. 7
The zeros of the polynomial are v =2.-2. —.
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5-8 Rational Zero Theorem

35.F (X) = 9X° — 94X + 27x% + 40x — 12

SOLUTION:
The possible rational zeros are:

1 )

P 3147 43 2 46 10 3

if 3’

=

H-

=R e

H
|

Led | D
d | 4
I+
O | e

Test for some possible zeros using synthetic division.

Llo|lo|-94|27 |40]=-12
q
3[o(27[-13]-12] 4| 0

x=3 is one of the zeros of the function and the depressed polynomial is 9x' +27x" —13x" —12x+ 4 ,
Factor the depressed polynomial and find its zeros.

9_1,-4 _|_27_1,-3 —1 3_1,-2 —12x+4=0D Factor the Depressed Polynomaial.

(3r42) (3r—2) (x°+3x —1) =0

.rz+3.r—1=EI
ix4+2=0 ix—2=0 —3+ 944
i L XK=
_T:_g or I=g o1 3
3 3
—34y/13
N 2
: 2 2 -3:413
The zeros of the polynomial are x =3, —.—= = .
e | 2 =
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5-8 Rational Zero Theorem

36.F () =x° — 2x* — 12x° — 12x% — 13x - 10

SOLUTION:
The possible rational zeros are:

B 41404
q

L

, £10

Test for some possible zeros using synthetic division.

2 Ll =z barz laz bas | <o
q

=1 |=3|-9|-=3|-10]|] O

x=-1 is one of the zeros of the function and the depressed polynomial is x* —3x" —9x" —=3x—10 ,
Factor the depressed polynomial and find its zeros.

1'4 — 3.1'3 — 9.1'2 —3x—10=0D Factor the Depressed Polynomial.
(J‘E +1) I:.Tz —3x-—10) =0 Fewrite middle term.
. % —3x—10 =0

x +1=10

or (x—=5)(x+2)=0

x=+i
x=5 —2 BSolve each factor.

The zeros of the polynomial are x=-1.-2, 5, i,—1.
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37.f () =48x* —52x3 + 13x - 3

SOLUTION:
The possible rational zeros are:

|—
|

=+

&l-

41454
q

+

Lad |
I+

| =

I+

o | a2

H

=N

I+
| —
H
H+

mll—
bd | G
G| W
to
;-
=
2~

Test for some possible zeros using synthetic division.

£ |ag| =52 | 0 |13] =3
r!j' | I
Vlag| 28| 14|60
2 | |

I = \
x =~ is one of the zeros of the function and the depressed polynomial is 48x" —28x" —14x +6.

Factor the depressed polynomial and find its zeros.

48_1.'3 — 233’2 —1l4x+6=0 Factor the Depressed Polynomial.
24]’3—143’2 —Tx+4+3=0 Factor by grouping.
(Zx+4+D({E3x—-1D(4x—-3) =0 Solve each factor
__ 113
’ 273 4
. 1113
The zeros of the polynomial are x=—-—. —. —. —.
223 4
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38.f (x) = 5x* — 20x> + 55x% — 28x

SOLUTION:
First factor x from the original polynomial.

F(x)=x(5x" —29x" + 55x - 28)

=x(5x—4)x* =5x+7)
Find the zeros of the polynomial.

x=0 or 5x-4=0 or 2 _5x+7=0

4 42 g

x=2 L _5%25-2

- h 3

5+i3

X=—

P
: 4 5+if3
The zeros of the polynomial are x=0. —.

3 2

39. SWIMMING POOLS A diagram of the swimming pool at the Midtown Community Center is shown below. The
pool can hold 9175 cubic feet of water.

|+(12x + 2) fie]
xft

(9x = 2) ft
(3¢ + 1) ft
4x ft

a. Write a polynomial function that represents the volume of the swimming pool.
b. What are the possible values of x? Which of these values are reasonable?

SOLUTION:
a. Fi{x)=324x" +54x° —19x -2

b. 1.05i, —4.22i, 3; 3 is the only reasonable value for x. The other two values are imaginary.
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40. CCSS MODELING A portion of the path of a certain roller coaster can be modeled byf (t) = t* — 316 + 308t -
1100t + 1200 where t represents the time in seconds andf (t) represents when the height of the roller coaster is at a
relative maximum. Use the Rational Zero Theorem to determine the four times at which the roller coaster is at
ground level.

SOLUTION:
From the Rational Zero Theorem, the possible zeros will be factors of 1200.

+1 +2 +3 44, +6, £8 £10, £12, £146, £20, £24, £30, +410,
+50, £060, £75 +£120, £150, £200, £300, £400, £600, +1200

There are at most 4 roots since the degree of the polynomial is 4.

t =1 is not a zero, however, 2 is.
2s,4s,10s,and 15 s
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41. FOOD A restaurant orders spaghetti sauce in cylindrical metal cans. The volume of each can is about 1607 cubic
inches, and the height of the can is 6 inches more than the radius.

a. Write a polynomial equation that represents the volume of a can. Use the formula for the volume of a cylinder,
v =mrh

b. What are the possible values of r? Which of these values are reasonable for this situation?

C. Find the dimensions of the can.

SOLUTION:

a. Let r be the radius of the cylindrical can. The height of the can would be 6 +r.
Therefore, the volume of the can V(r) is:

iy = m'z (647)
= ﬁm‘z —+ m‘3

b. Set (") = 1607 in the volume function. To find the possible values of r, find the possible zeros of the
polynomial equation.

lﬁD?r=ﬁ?I:'2-|—?rr'3 Volume function
3‘3—|—ﬁr2—lﬁﬂ = Divideeach term by m.
(r—4) I:.".'E +10x+440) =0 Factor by grouping.
rr=l e X lox 40 =0
=4
A= Mol ;DD I Solve using the Quadratic Formula
—10+y —40

S Simplify under the radical.

=ﬂ Simplify the radical.

. S:I:ib/ﬁ Simplify.

The possible values of r are 4. -5+ i/15. Since the radius cannot be a complex number, the value of r must be 4.

C. Radius of thecanr =4 in.
Height of thecanh =6 +4=10n.

42. Refer to the graph.
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[
F'-"-FP"‘: .

=
__,_.-l'

|
/

&

a. Find all of the zeros of f (x) = 233+ 7x2 + 2x — 3and g(x) = 2x3 — X% + 2x + 3.
b. Determine which function,f or g, is shown in the graph at the right.
SOLUTION:

a. Zeros of f (x):
The possible rational zeros are:

2. 41 43 4
q

%

B | =
bod | el

Test for some possible zeros using synthetic division.

2 2|7 2 |3
q |
=1|2]|5]|-3[0
x=—1 is one of the zeros of the function and the depressed polynomial is 2x” +35x 3.

Factor the depressed polynomial and find its zeros.

= 2_

b | —

The zeros of the polynomial f (x) are x=—1.-3,
Zeros of g(x):
The possible rational zeros are:

ko3 2

x

Lad

Bl 45 4
if 2

b |

Test for some possible zeros using synthetic division.
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.]”.

=|121-71 2|3
q :
1 |2|-5]-3]0
x=1 is one of the zeros of the function and the depressed polynomial is 2x” —35x -3

Factor the depressed polynomial and find its zeros.

apd

. I
The zeros of the polynomial g(x) are x=1.3, ——.

. I -
b. From the graph, the zeros of function are at x=1.3. — - Therefore, it is the graph of

g(x).
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43. MUSIC SALES Refer to the beginning of the lesson.
a. Write a polynomial equation that could be used to determine the year in which music sales would be about
$20,000,000,000.
b. List the possible whole number solutions for your equation in part a.
c. Determine the approximate year in which music sales will reach $20,000,000,000.
d. Does the model represent a realistic estimate for all future music sales? Explain your reasoning.

SOLUTION:

a. The music sales are about $9000 millions in x years.
Therefore, the equation of the polynomial could be

Q000 =30%" —478x° + 1758+ 10,092

05 -478x +1758x+ 10,092 -9000=10

b. The possible whole humber zeros are:

1,2,3,4,6,7,12,13, 14, 21, 26, 28, 39, 42,52, 78, 84, 91, 156, 182, 273, 364,
546, 1092307 —478x" + 17 58x +1052 = 1f

c. Graph the function #1x)=30x" —478x% + 1758x+1092 .
¥

[
dﬂlﬂﬂ

I
3[];5"3

[

My N
EDiCID / N

' i /
1000

!I' N /J
N

PY (2 [ 4168 |10x
The graph intersects the x-axis near 8. Therefore, the music sales each $9000 billion in about 8 years.
The year in which music sales reach $9000 billion is 2005 + 8 or 2013.
d. No; Sample answer: Music sales fluctuate from 2005 to 2015, then increase indefinitely. It is not reasonable to
expect sales to increase forever.
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Find all of the zeros of each function.
44.8(x) = x° + 3x* — 19x° — 43x° + 18x + 40

SOLUTION:
The possible rational zeros are:

Pyl 42, +£4, 45, 8. +£10, £20, +40
q

Test for some possible zeros using synthetic division.

211|319 -43]18]40

i .

=2|1({1|=21] -1]20] 0
x=-2 is one of the zeros of the function and the depressed polynomial is te® =203t =220,

Factor the depressed polynomial and find its zeros.

¥ 4x’ =21 -x420=0

(x* = +x-20)=0

¥ =1=0 OF x'4x-20=0

x=x=I (x-Mx+5=0
x=4,-5

The zeros of the polynomial are x=-2, =1, 1, 4.-5.
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45. flxy=x" —x' =235 +33x7 +126x-216

SOLUTION:
The possible rational zeros are:

E: +1 2, £3 £4, £06, £5 £9, £12, £18,
g

424, £27, +£36, +£54, £72, 108, £216
Test for some possible zeros using synthetic division.
B |1 |

i
2011 ]=21|-9]|108 0

23133126 | -216

x=2 is one of the zeros of the function and the depressed polynomial is ' + 1" — 213" —9x+108 .
Factor the depressed polynomial and find its zeros.

e =21 —9x+108=0

(2P =x* +x-12)=0

X' =9=0 Of ¥ 4x=12=0

x==3 (x=3¥x+4)=0
x=3-4

The zeros of the polynomial are x=2. 3. 3. -3,-4 .

46. CCSS CRITIQUE Doug and Mika are listing all of the possible rational zeros forf (x) = 4x% + 8x° + 10x% + 3x +
16. Is either of them correct? Explain your reasoning.

Deung
+|, 2, 14, 18, ¢, :t—i, :\":I5

Mika

+1,+2, +4 +8 +716, 1%, ‘7;‘ T

1Y

SOLUTION:
Sample answer: Doug; the value of q is the leading coefficient, which is 4, not 8.
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47. CHALLENGE Give a polynomial function that has zeros at and 5 + 2i.
SOLUTION:

Sample answer:f (x) = x 4 12x3 +47x2 —38x - 58

48. REASONING Determine if the following statement is sometimes, always, or never true.
Explain your reasoning. If all of the possible zeros of a polynomial function are integers, then the leading
coefficient of the function is 1 or -1.

SOLUTION:

Sample answer: Always; in order for the possible zeros of a polynomial function to be integers, the value of g must
be 1 or -1. Otherwise, the possible zeros could be a fraction. In order for g to be 1 or -1, the leading coefficient of
the polynomial must also be 1 or -1

9
49. OPEN ENDED Write a function that has possible zeros of +18. £9. +6, +£3, +2 +1. + 3

3
4
SOLUTION:

Sample answer:f (x) = 4%+ 3% +8x + 18

T —rE—lT

o |

and +—,

I3 | e
[

50. CHALLENGE The roots of x + bx + ¢ = 0 are M and N. If M = N| =1, express c in terms of b.

SOLUTION:

—b++b -4
. .

The roots of the equation are

Now,
IM - N|=1
|-b+ b7 —dc -b-\b"—4c "
| 2 - 2 P
2\':1’]"1' —-4c| |
=
b —de=1
B —1
T
4
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51

52.

53.
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. WRITING IN MATH Explain the process of using the Rational Zero Theorem to determine the number of

possible rational zeros of a function.
SOLUTION:
Sample answer: For any polynomial function, the constant term representsp and the leading coefficient represents g.

)
The possible zeros of the function can be found with = L where the fraction is every combination of factors ofp
q

e

and g. For example, ifp is4 and q is 3, then £4, + 2. +1, J_r-T_ +

Led | b

1 1 .
., *—,and £ are all possible zeros.
I

r
s

ALGEBRA Which of the following is a zero of the functionf (x) = 12x° — 5% + 2x — 97
A-6

5
B ==

-
b}

C &=
8
D1

SOLUTION:

> . .
If £ is a rational zero, thenp is a factor of -9 and q is a factor of 12.
q

C

3,£4,£6.£12

R
H H
H W
!J sl
+ M

O

So, the possible rational zeros are:

Among the choices, the choice D is correct.

SAT/ACT How many negative real zeros doesf (x) = x° = 2x* — ax® + 4x® ~ 5% + 6 have?
F5
G3
H?2
J1
KO

SOLUTION:
Use Descartes’s Rule.
fl—x)= —e =2 4 47 + 5%+ 6

There is only one sign change. So, there is exactly one negative zero.
The correct choice is J.
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54. ALGEBRA For all nonnegative numbers n,

Jn

let | i :T'if n | =4, what is the value of n?

A2
B4
C16
D 64

SOLUTION:

Substitute | # | = 4 in the expression.

The correct choice is D.

55. GRIDDED RESPONSE What is the y-intercept of a line that contains the point (-1, 4) and has the same x-

interceptas x + 2y =-3?

SOLUTION:

The x-intercept of the line is —3. Therefore, the line must pass through the point (-3, 0).
So, the equation of the line passes through the points (-1, 4) and (-3, 0) is:

y—4 x+]
0-4 3+
y=22x+6

The y-intercept of the line is 6.

Write a polynomial function of least degree with integral coefficients that has the given zeros.

56.6,-3, 42

SOLUTION:

The irrational roots occur in conjugate pairs. Therefore, —v2 is also a root of the polynomial.
So,
(x = 6)(x +3Mx —V2)(x +/2) = (x? = 3x—18)(x" - 2)

1 3 3
=x" =2x =3x +6x-18x" +36

=x' =3 -20x" +6x+36
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57.5,-1,4i

SOLUTION:

The complex roots occur in conjugate pairs.
Therefore,

(x=SHx+D{x=4N(x+4)=(x" —4x=5)x" +16)
=x' +16x5% —d4x* —64x—5x* 80
=x' —4x’ +11x° — 64x - 80

58. -4 -2, i\f2

SOLUTION:

The complex roots occur in conjugate pairs.
Therefore,

(x +4)(x + 2)(x —iV2)(x+iV2) = (x + 65+ 8)x7 +2)
=x' +22° +62° +12x+8x* +16

= _1-’ + {}.'l.': + H:I.'-_': +12x+16

Given a polynomial and one of its factors, find the remaining factors of the polynomial.

59.x4+5x3+5x2—5x—6;x+3

SOLUTION:
X + 3 is a factor.

So, v syl 45t -5y 6= I[.'r': +2xf —x— 2Wx+3)

The possible rational zeros of P(x)=x"+2x" —x—2 are +1. and +2,
Test the possible zeros.

P =1 +2(1 -1-2
=0

P(=1)=(=1 +2(=1)" +1=2
=0

P(y=(2P +2(2) -2-2
=0

P(-2)=(=2) +2(-2)* +2-2

=0
Therefore, x =1, x = -1 and x = —2 are the zeros of the function.

sy +st -5x-6= (x—=Dx+Dx+20x+3)

The remaining factors are: (x — 1)(x + 2)(x + 1)
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60.a% —2a°_17a+18a+72:a—- 3
SOLUTION:

a2 17> +18a+T12 = {\;r: +at —1da-24Xa-13)

The possible rational zeros of P(a)=a' +a’ —14a—24 is +1.+2,£3,+4,+6, + 8,412,424
Test the possible zeros:

P(-2)=(-2) +(-2)" - 14(-2)- 24
=0
P(-3)=(=3)" +(=3) —14(-3)-24
=0
P(4y=(4) +(4) - 14(4)-24
=0

Therefore, a = -2, a = -3 and a = 4 are the zeros of the function.
a' 28 170" +18a+ 2 =(a+Da+INa-MNa-

The remaining factors are: (& + 2Ha + 3)a—4)

61.x4+x3—11x2+x—12;x+i

SOLUTION:
Since the complex roots occur in conjugate pairs, (X — i) is also a root of the polynomial.

A ot =122 =12+ D= 1)

=(x=3)x+4Nx+i)x—i)
The remaining factors are: (x —3)(x +4)(x —i)

62. BRIDGES The supporting cables of the Golden Gate Bridge approximate the shape of a parabola. The parabola can
be modeled by the quadratic functiony = 0.00012x° + 6, where x represents the distance from the axis of symmetry

andy represents the height of the cables. The related quadratic equation is 0.00012x% + 6 = 0.
a. Calculate the value of the discriminate.
b. What does the discriminate tell you about the supporting cables of the Golden Gate Bridge?

SOLUTION:

a. The discriminate of the quadratic equation ax? +bx +c =0is b’ - 4ac.
Here, a=0.00012, b =0, and c = 6.
The value of the discriminate is:

(0)" —4(0.00012)16) = —0.00288

b. Sample answer: This means that the cables do not touch the floor of the bridge, since the graph does not intersect
the x-axis and the roots are imaginary.
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63. RIDES An amusement park ride carries riders to the top of a 225-foot tower. The riders then free-fall in their seats

until they reach 30 feet above the ground.

a. Use the formula h(t) = _16t% + h, , where the time t is in seconds and the initial height /, is in feet, to find how

long the riders are in free-fall.

b. Suppose the designer of the ride wants the riders to experience free-fall for 5 seconds before stopping 30 feet
above the ground. What should be the height of the tower?

SOLUTION:
a. Here, h(t) =30 ftand #, =225 ft.

30=—16" +225
160" =195
195
16
=12.1873
i = 3.5 seconds

b. Substitute t = 5 seconds and h(t) = 30.

30=-16(5)° + I,
30 =—400+ &,
hy =430 fi

The height of the tower should be 430 ft.
Simplify.

64. (X —4)(x +3)
SOLUTION:

(x=Nx+3)= _1.': +3ix—4x-12

65. 3x(x2 +4)
SOLUTION:
3x(a” +4) =3x(x7 )+ 3x(4)

=3x" +12x

66. X2(x — 2)(x + 1)
SOLUTION:

Fa=-Hx+D=x (" -x-2)
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Find each value iff (x) = 6x + 2 and g (x) = —4x°.

67.1(5)

SOLUTION:
f(3)=6(5)+2

iy

1}
fad  Lad
=]

b

68.9(-3)
SOLUTION:
g(-3)=-4(-3)°

=-4(9)
=36

69.f (3c)

SOLUTION:
f{?r.} - f‘.l{?r.'_i+ 2

=18 +2
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